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Abstract
Class III myosins are important for the function and survival of photoreceptors and ciliary hair cells.
Although vertebrates possess two class III myosin genes, myo3A and myo3B, recent studies have
focused on Myo3A because mutations in the human gene are implicated in progressive hearing loss.
Myo3B may compensate for defects in Myo3A, yet little is known about its distribution and function.
This study focuses on Myo3B expression in the mouse retina. We cloned two variants of myo3B from
mouse retina and determined that they are expressed early in retinal development. In this study we
show for the first time in a mammal that both Myo3B and Myo3A proteins are present in inner
segments of all photoreceptors. Myo3B is also present in outer segments of S opsin-immunoreactive
cones but not M opsin dominant cones. Myo3B is also detected in rare cells of the inner nuclear layer
and some ganglion cells. Myo3B may have diverse roles in retinal neurons. In photoreceptor inner
segments Myo3B is positioned appropriately to prevent photoreceptor loss of function caused by
Myo3A defects.
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INTRODUCTION
Among unconventional myosins, class III myosins are particularly unusual in that they
probably exhibit both signaling and motor functions. A protein kinase domain is located at the
N-terminus of these myosins, and in all of the class III myosins studied to date, from both
invertebrates and vertebrates, this kinase has been shown to phosphorylate its own kinase and/
or myosin domain as well as other substrates (Ng et al., 1996; Komaba et al., 2003; Dosé et
al., 2007; Kempler et al., 2007). While no motor activity has been demonstrated for the two
invertebrate class III myosins that have been studied (Hicks et al., 1996; Kempler et al.,
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2007), vertebrate class III myosins are molecular motors (Erickson et al., 2003; Komaba et al.,
2003; Kambara et al., 2006; Dosé et al., 2007).

Class III myosin transcripts have been detected in a variety of vertebrate tissues including
retina, cochlea, brain, kidney, testes, intestine and pancreas (Dosé and Burnside, 2000, 2002;
Walsh et al., 2002; Dosé et al., 2003). Although their specific functions are largely unknown
and may differ in different cell types, much evidence suggests class III myosins are important
for the normal function and maintenance of sensory cells. Class III myosins were first
discovered in Drosophila and then in Limulus; in both of these animals myosin III expression
is specific to rhabdomeral photoreceptors (Edwards and Battelle, 1987; Montell and Rubin,
1988; Battelle et al., 1998). Drosophila myosin III is the ninaC gene product required for
normal photoreceptor function and survival (Montell and Rubin, 1988; Porter and Montell,
1993; Porter et al., 1993, 1995; Hofstee et al., 1996; Li et al., 1998; Chyb et al., 1999).
Limulus myosin III undergoes circadian changes in phosphorylation in photoreceptors
(Edwards and Battelle, 1987; Edwards et al., 1990; Battelle et al., 1998; Cardasis et al.,
2007; Kempler et al., 2007) and may be involved in some of the dramatic circadian changes
in structure and function that occur in these photoreceptors.

Class III myosins are also present in the photoreceptors of vertebrates. Vertebrate genomes
contain two distinct class III myosin genes, myo3A and myo3B (Dosé et al., 2003). Transcripts
for both were cloned from retinal cDNA of fish (Dosé et al., 2003) and humans (Dosé and
Burnside, 2000; 2002), and in both of these species myosin IIIA protein (Myo3A) is present
in photoreceptors (Dosé et al., 2003; 2004). An additional finding that emphasizes the
importance of class III myosins in sensory cells is that mutations in human myosin IIIA
(hMYO3A) are linked to progressive hearing loss DFNB 30 (Walsh et al., 2002); furthermore,
mMYO3A was recently localized to a region of cochlear and vestibular hair cells that defines
a previously unidentified compartment at the tips of the stereocilia (Schneider et al., 2006).
mMyo3A cDNA was originally cloned from whole eye cDNA but the protein was not localized
to retina (Walsh et al., 2002).

Because of the association between mutations in hMYO3A and hearing loss, most studies to
date have focused on this protein. The results of two recent studies that examined the motor
activity of hMYO3A differ in detail, but both suggest the protein spends considerable time
bound to actin, and it may be a processive motor (Kambara et al., 2006; Dosé et al., 2007). The
precise functions of the kinase activity of class III myosins are not yet known, but studies of
both human and fish Myo3As demonstrate that deleting the kinase domain dramatically
influences acto-Myo3A interactions (Erickson et al., 2003; Lin-Jones et al., 2004; Schneider
et al., 2006; Dosé et al., 2008).

MYO3A is present in human photoreceptors and vestibular hair cells (Walsh et al., 2002; Dosé
et al., 2004; Schneider et al., 2006) in addition to the cochlear hair cells, yet patients with
mutations in MYO3A exhibit no apparent defects in vision or vestibular function. A possible
explanation for this puzzling observation is that hMYO3B may be co-expressed with hMYO3A
in some cells and that there may be functional redundancy between these two proteins. These
speculations cannot be evaluated without additional knowledge of the distribution and
biochemistry of Myo3B.

Myo3B is the focus of this study. We describe here the cloning of two variants of myo3B from
mouse retina and compare these with myo3B transcripts from humans and myo3A transcripts
from mouse. We also describe the tissue distribution of mouse Myo3B (mMyo3B) transcripts
and protein, the developmental expression pattern of mMyo3B transcripts and protein in retina,
and the cellular and subcellular distributions of mMyo3B in retina. Additionally, we describe
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the distribution of the Myo3A protein in retina and provide the first evidence of co-localization
of Myo3A and Myo3B in mammalian photoreceptor inner segments (IS).

MATERIALS AND METHODS
Animals

C57BL/6J mice maintained on a 12 hr light, 12 hr dark cycle were used for all experiments,
and all animal procedures were approved by the University of Florida’s Institutional Animal
Care and Use Committee. Eyes were enucleated from animals sacrificed by either decapitation
(animals younger than postnatal day 14) or by CO2 asphyxiation followed by cervical
dislocation.

Reagents
Unless otherwise specified all reagents were purchased from Fisher Scientific (Pittsburg, PA)
or Sigma Aldrich (St. Louis, MO).

Cloning mmyo3B from mouse retina
We initiated the cloning of myo3s from mouse retina before myo3B was annotated in the mouse
genome; therefore we followed the strategy for cloning class III myosins described by Dosé
and Burnside (2000). Total RNA was isolated during the day from adult C57BL/6J mouse
retinas with TRIZOL Reagent (Invitrogen, Life Technologies, CA), then reverse transcribed
with Superscript II (Invitrogen) and the oligo dT primer PA 142
(GACTTCAGGCTAGCATCGATGCATGGGTCGT15). This pool of cDNA was further
enriched for kinases by PCR with a degenerate forward primer corresponding to the amino
acid sequence TPFWMAPE, which is highly conserved in all kinases, and a reverse primer
(5′-CATCGATGCATGGGTCGT-3′), a nested primer for PA142. The kinase enriched cDNA
was subsequently used as a template in PCR with degenerate primers designed against a
conserved motif in kinases (GITAIE, 5′-GGNATHACNGCNATHGA-3′), and a conserved
motif in myosins (NPPHIFAV, 5′-CNACNGCRAANAYRTGNGGNGGRTT-3′), to amplify
a fragment that would span the kinase/myosin junction of class III myosins. PCR products
from this amplification were cloned into pGEM-T (Promega) and sequenced using the BigDye
termination method.

Nucleotide sequences obtained from 20 clones were compared with sequences in the GenBank,
EMBL, DDBJ and PDB databases using the BLASTX program of the NCBI. Fourteen of the
clones contained an identical 579 bp fragment that spanned a kinase/myosin junction and
showed 66% identity to human myo3A. The sequence of this fragment was used to design gene-
specific forward and reverse nested primers to amplify by RACE (rapid amplification of cDNA
ends) the 5′ region of the presumptive myo3 cDNA from total mouse retinal RNA. The 5′ RACE
reactions produced a single 840 bp product that extended 5′ of a predicted start codon. Nearly
full length myo3 cDNAs were amplified from RACE Ready retinal cDNA (RACE Ready
cDNA protocol, Ambion, Austin TX). We used two forward gene-specific primers (5′
CAGCCTCGGAGGTGAGCGGTG 3′ and 5′ CTATAACCCCATGATGCTTGGCCT 3′)
designed against sequences located 5′ of the predicted start codon and including the start codon,
respectively, a reverse gene-specific primer designed against myo3B sequences amplified from
mouse testes cDNA that were predicted to be located near the 3′ end of the coding region (5′
CTTGGCTTCCTCTGGCTCCCT 3′), and a nested reverse gene specific primer (5′
GGTTATAGTACATGGTGTCCT 3′) (Dosé, unpublished). Three clones of the amplified
product were sequenced.

The remaining 3′ end of myo3B was cloned using a forward gene-specific primer designed
against sequences located near the 3′ end of the coding region (5′
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CTGGTTCCGAAGAAGGTCTC 3′) and the 3′ outer primer of the 3′ RLM RACE protocol
(Ambion).

Additional analyses of sequences encoding the loop2 actin binding region of the motor domain
were performed. Total RNA from adult mouse retinas was isolated as described above, reverse
transcribed (RLM RACE protocol, Ambion), then amplified using gene-specific primers that
flank the region encoding loop2 (forward: 5′ TTCTCAATTCCTTTGACCAAAACAGGT 3′;
reverse:, 5′ GTCATCATTAGGCTTAATGCAACG 3′). The PCR products were cloned into
pCR 4-TOPO and sequenced.

All PCR and RACE reactions were performed using LATaq polymerase (Takara, Madison,
WI) and Eppendorf Mastercycler.

Real time quantitative PCR (qPCR)
Total RNA was isolated mid afternoon as described above from the retinas of at least three
light-adapted animals at each postnatal (P) age and from different tissues of adult animals
between three and four months of age. The RNA was reverse transcribed with random primers
using Superscript II (Invitrogen, Carlsbad, CA); reverse transcription was followed by qPCR
with gene-specific primers in the presence of SYBR Green. The relative standard curve method
was applied in which the myo3B transcripts detected were normalized to 18s rRNA measured
in separate aliquots of the same cDNA sample. Adult retina served as the reference group.
Standard curves were generated with 18s rRNA primers (forward: 5′
AGTCCCTGCCCTTTGTACACA 3′; reverse: 5′ CCGAGGGCCTCACTAAACC 3′) and
each of two sets of myo3B specific primers. One set was designed to span the transition between
the kinase and the myosin domains (forward: 5′ CAAAAACAGCTGGCCAAGGT 3′; reverse:
5′ CTTTCATGCCTGGTTTTAGCAA 3′); a second set was designed to amplify the loop2
region of the myosin domain (forward: 5′ AACTGTTCTCAATTCCTTTGACCAA 3′;
reverse: 5′ TCGAGGATGCTGTGATCTTAG 3′). The regions amplified by both sets of
primers are present in transcripts encoding both mmyo3B variants cloned from mouse retina,
and both also span an intron-exon junction thus eliminating the possibility of amplifying
genomic DNA. Primers were designed using the Primer Express 2.0 software (Applied
Biosystems, Foster City, CA). All qPCR reactions were performed in triplicate using an ABI
PRISM 7000 sequence detection system and the default one-step PCR protocol (50°C for 2
min, 95°C for 10 min, and 40 cycles of 95°C for 15 sec, 60°C for 1 min).

Antibody production
Anti-mMyo3B—cDNA encoding the tail domain of mMyo3B (amino acids 1104–1132 was
amplified from reverse transcribed total mouse retinal RNA using primers that added NdeI and
HindIII restriction sites to the 5′ and 3′ ends, respectively, and then subcloned into pET28-a
using the NdeI and HindIII restriction enzymes. The plasmid was transformed into Rosetta 2
(DE3) E. coli cells (Novagen, Madison, WI) and the antigen was expressed as an insoluble
protein with an N-terminal His6 tag. The antigen was solubilized in 6 M urea, enriched by
standard Ni+ chelation chromatography, purified further by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) and injected into rabbits as described
previously (Battelle et al., 2001). The antiserum from one of the rabbits (4J10 mMyo3B) was
used for all mMyo3B experiments in this study.

In preliminary studies, the antiserum stained Western blots of the antigen and a truncated form
of the antigen consisting of the C-terminal end of the tail domain (amino acids 1226–1322 in
Figure 1). Thus the antiserum should detect the gene products of both mmyo3B isoforms cloned
from retina because its immunoreactivity does not require the N-terminal half of the tail domain
or the region deleted in variant 2.
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Anti-mMyo3A—cDNA encoding exon 30 of mMyo3A (amino acids 1140–1424 in Figure
1) was amplified from genomic DNA, and was subcloned into pET28-a. The mMyo3A
fragment was expressed as a His-tagged fusion protein in Rosetta 2(DE3) E. coli cells and
enriched by Ni+ chelation chromatography as described above. The resulting antigen was
dialyzed against PBS, mixed with an equal volume of RIBI’s adjuvant and injected
subcutaneously into two rabbits. The antiserum from one of the animals was used for all
mMyo3A experiments.

Myo3B antiserum absorption controls
Attempts were made to affinity purify Myo3B-specific antibodies with procedures modified
from Bretscher (1983). Urea solubilized mMyo3B antigen that had been enriched by Ni+
affinity chromatography as described above was dialyzed against H2O and dried under vacuum
in a SpeedVac concentrator. The antigen (5–10 mg) was dissolved in 1 ml of borate buffer (0.1
M H3BO3, 0.025 M NaB4O7, 0.075 M NaCl, pH 8.4) with 0.1% SDS. After 1 g of CNBr-
activated sepharose (3–4 ml volume when swollen) had been washed and activated as directed
by the manufacturer, dissolved antigen was incubated with shaking with the resin overnight at
room temperature. The next morning the resin was washed sequentially with borate buffer
containing 0.1% SDS, borate buffer, and 0.1 M NaCl; then it was incubated for 2 hr with 1 M
ethanolamine-HCl to block unbound sites, and washed sequentially with 0.1 M NaCl, 0.01 M
HCl, and borate buffer. The mMyo3B antiserum (100 μl, diluted 1:10 in TBS) was incubated
with the resin overnight with shaking at 4°C then the resin was washed with at least 50 column
volumes of the borate buffer described above adjusted to pH 7.4 and then with 5–10 volumes
of 0.25 M glycine pH 2.7 to elute the specific antibodies. The resulting elutes exhibited very
low OD280 readings (≤0.05), nevertheless they were concentrated to the initial antiserum
volume and tested on Western blots of retinal homogenates. No immunostaining was detected
indicating that no specific, non-denatured immunoglobulins were recovered from the column.
Attempts to elute specific antibodies using glycine pH 9.5, triethylamine pH 11.5, lithium
chloride, magnesium chloride, and water also failed. Therefore the affinity column was used
to produce serum from which the specific antibodies had been removed. Total antiserum was
incubated with resin linked to the mMyo3B antigen as described above. The flow through from
the column and the borate buffer washes were combined, concentrated to the initial volume of
antiserum applied to the column and filter dialyzed into PBS.

As additional controls, separate aliquots of the mMyo3B antiserum were processed in parallel
as described above using resin with no protein attached or resin coupled to an irrelevant antigen:
a heterologously expressed His-tagged polypeptide with the sequence of the C-terminus of
Limulus opsin1 (Battelle et al., 2001). Western blots and tissue sections immunostained with
total antiserum or antiserum that had been processed with each of the three different resins
were compared to determine specific staining.

Affinity purification of mMyo3A antiserum
mMyo3A antiserum was processed as described above through an affinity column to which
the mMyo3A antigen had been bound. In this case, the low pH glycine eluate contained active
antibodies. This eluate was neutralized, concentrated to 1 ml and used on Western blots and
tissue sections. To evaluate further the specificity of the affinity purified antibody, it was
incubated with mMyo3A antigen that had been blotted on to nitrocellulose (Battelle et al.,
2001).

Western blot analyses
Tissues were dissected and homogenized with a glass-glass homogenizer in ice cold
homogenizing buffer (HB: 50 mM MOPS pH 7.3, 1 mM EDTA, 1 mM EGTA, 160 mM KCl,
1 mM DTT, 10 mM ATP, 10 mM MgCl2, 0.25 U/ml aprotinin, 100 μM leupeptin, 1 μM
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pepstatin, 1 mM calpeptin, 5 μM calpain inhibitor III, 200 μM PMSF, 1 mM benzamidine, 2
mM phenanthroline, 10 μg/μl TAME, 5 μl/ml P8340), and the homogenate was centrifuged
for 20 min at 100,000 × g in an airfuge to obtain the soluble fraction. An aliquot of each soluble
fraction was removed for protein determinations using either a Lowry (Lowry et al., 1951) or
a Coomassie Plus assay (Thermo-Scientific, Rockford, IL). Proteins in the remaining
supernatant were denatured by sonication in a bath sonicator (W-225, Heat Systems-
Ultrasonics, Farmingdale, NY) in the presence of 0.25 volumes of 4 × SDS sample buffer, and
the SDS-denatured proteins were separated by SDS-PAGE on 7.5% acrylamide gels. In each
experiment, 40 μg of protein were loaded onto each lane of the gel. After the proteins were
separated they were transferred to Immobilon-P™ PVDF using standard protocols and fixed
with fast green. The membranes were then rinsed, blocked and incubated with primary
antibodies and then an alkaline phosphatase conjugated secondary antibody (Jackson
ImmunoResearch, West Grove, PA) as described previously (Battelle et al., 2000). The
secondary antibody was visualized using the Alkaline Phosphate Conjugate Substrate Kit from
BioRad (Hercules, CA). Total mMyo3B antiserum and mMyo3B antisera that had been
processed through the three affinity columns as described above were diluted 1:500. Affinity
purified and absorbed mMyo3A antibodies were diluted 1:200 and the secondary antibody was
diluted 1:5000.

To quantify mMyo3B in soluble fractions of tissue homogenates, Western blots immunostained
with mMyo3B antiserum were scanned (hp200c) and the intensities of the mMyo3B
immunoreactive bands were quantified using ImageQuant™ software (GE Healthcare,
Piscataway, NJ). The intensity of the mMyo3B immunoreactive band in each extract was
normalized to the mMyo3B immunoreactive band detected in an extract of adult retinas on the
same blot.

Tissue fixation
Right and left eyes from adult animals (P35-P60) were processed separately, and the superior
half of each eye was marked to maintain orientation. The scleras of enucleated light-adapted
eyes were punctured, and the eyes were fixed overnight at 4°C in 4% paraformaldehyde in
phosphate-buffered saline (PBS, pH 7.4). The next morning the cornea from the inferior half
of the eye and the lens were removed, and after continued incubation in the fixative for 1 hr,
the eyes were rinsed in PBS and incubated for at least 16 hr at 4°C in 30% sucrose in PBS
containing 0.02% NaN3. Eyecups were embedded and frozen in OCT (Tissue Tek) and 18
μm frozen sections were cut using a Leica CM3050S cryostat. Sections were collected on
gelatin-coated slides and stored at −20°C until further processing.

Immunocytochemistry: heat-induced antigen retrieval, immunostaining, and image
collection

Heat-induced antigen retrieval was routinely used to detect mMyo3B-like immunoreactivity
(ir) on frozen sections of fixed tissue and to detect mMyo3A-ir in selected experiments as
indicated in the legends to figures. For antigen retrieval, retinal sections were incubated for 10
min in 10 mM sodium citrate, pH6 and heated to 85–95°C in a water bath (Kawai et al.,
1994). After sections cooled to room temperature, they were washed in H2O and
immunostained as described in Calman et al. (1991).

The dilutions of the primary antibodies used were determined empirically. The mMyo3B
antiserum was diluted between 1:100 and 1:500 as indicated in the legends to the figures. The
concentrated column eluate containing affinity purified mMyo3A antibody was used undiluted
without antigen retrieval or at a 1:5 dilution following antigen retrieval. Antibodies directed
against blue (sc-14363, Lot # L1906) and red/green (sc-22117, Lot # I1206) opsins were
purchased from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA) and used at 1:100, dilution.
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The rhodopsin antibody (Adamus et al., 1991) was used at 1:200 dilution. The appropriate
secondary antibodies conjugated to either Alexa Fluor 488 or 546 (Invitrogen, Carlsbad, CA)
were used at a dilution of 1:200 or 1:400. Peanut agglutinin and phalloidin, both labeled with
Alexa-546, were used at a 1:200 dilution. To visualize nuclei, sections were incubated for 10
min in DRAQ-5 (Biostatus Limited, Shepshed, UK) diluted to 1:1000 in TBS (20 mM Tris-
HCl, pH 7.5, 500 mM NaCl).

Fluorescent images were collected using a Leica laser scanning confocal microscope (LSCM
SP2) (Leica Microsystems, Bannockburn, IL). Each confocal image shown is either a 1 μm
optical section or the maximum projection of an optical stack of 3–5 1 μm thick optical sections
as indicated in the figure legends. Fluorescent images of tissue sections incubated with antisera
that had been preincubated with and without antigen were compared using identical gain
settings and included the same number of 1 μm optical sections. Double-labeled images were
collected using a sequential scanning protocol to avoid bleed through from one channel to the
other. Digital images produced by the confocal microscope were assembled using CorelDRAW
Graphics Suite X3 (Corel; Ottawa, ON, Canada).

RESULTS
Cloning mMyo3B (Accession numbers AY830392 and AY830393)

We sequenced three clones of mmyo3B that begin 5′ of the start codon and end with nucleotides
encoding amino acid 1274 (Fig. 1). The 3′ end of the open reading frame and the 3′ untranslated
region were sequenced from clones of subsequent 3′ RACE products that extended from
nucleotides encoding amino acid 1226 (Fig. 1) to the poly A tail. Figure 1 shows the predicted
full length protein encoded by these sequences aligned with human MYO3B and mouse
Myo3A.

Two of the three nearly full length clones were identical to one another (variant 1); the third
clone (variant 2) had a 51 nt insert in a region of the transcript encoding loop2 of the motor
domain (outlined with a dotted line in Fig. 1) and a 183 nt deletion in a region encoding the
tail domain (outlined with a solid line in Fig. 1). We anticipated finding splice variants within
the tail of mmyo3B because multiple tail domain splice variants were identified in human
myo3B (Dosé and Burnside, 2002). We did not expect a splice variant in loop2 although loop2
splice variants have been described in nonmuscle class II myosins (Takahashi et al., 1992;Li
et al., 2008). To confirm that both motor domain splice variants of myo3B are represented in
retinal RNA, we examined 58 clones of a PCR product that was amplified from reverse
transcribed retinal RNA with primers that flanked the region encoding loop2. All of the clones
had inserts of either approximately 300 nt or about 250 nt, except for one which was
considerably smaller (about 200 nt). The sequences of 16 representative clones with the longest
insert matched the loop2 sequence of variant 2; the sequences of 10 representative clones with
the shorter insert matched the loop2 sequence of variant 1. The sequence of the one very small
insert was unrelated to mmyo3. Thus, transcripts encoding two variants of loop2 in the myosin
motor domain are present in retinal RNA. If other splice variants of this region are present,
they are rare. Other tail domain splice variants of mmyo3B may be present in the retina, but
we did not search for these in this study.

A comparison of our sequences with sequences in the GenBank, EMBL and DDBJ databases
using the BLASTn program of the NCBI revealed that they are most similar to hmyo3B. Variant
1, with the shorter loop2 and the longer tail, corresponds to annotated myo3B sequences on
chromosome 2 of the mouse genome
(http://vega.sanger.ac.uk/Mus_musculus/geneview?
gene=OTTMUSG00000013112;db=core). The transcript consists of 34 exons, and the
predicted start codon is within exon 2. In variant 2, the 51 nt insert in the region encoding loop2
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occurs between predicted exons 23 and 24, and the inserted sequence is located within the
intron between exons 23 and 24 close to exon 24. The deletion in the tail domain is a deletion
of predicted exons 30 and 31.

During our cloning attempts we did not detect transcripts for myo3A although a myo3A is clearly
expressed in retina (Fig. 5).

Figure 1 shows a ClustalX alignment of full length mMyo3B as determined from this study
(variant 1 plus the loop2 insert) with mMyo3A (Accession # AAM34501) and variant 2 of
hMYO3B (NM138995). Dosé and Burnside (2002) identified 6 hMYO3B variants which are
identical in their kinase and myosin domains and vary in their neck and tail domains due to
alternative splicing. Of these, variant 2 is most similar to the mouse sequences we cloned.
Pairwise alignments (EMBOSS) of the predicted amino acid sequences of mMyo3B with
variant 2 of hMYO3B, and mMyo3B with mMyo3A show that the Myo3Bs from mouse and
humans are more similar to one another (83% identical and 88% similar) than are Myo3B and
3A both from mouse (47% identical and 60% similar). Table 1 summarizes the percent identity
and similarity of amino acids in different regions of mMyo3B compared to hMYO3B and
mMyo3A.

The kinase and myosin head domains of the three Myo3 sequences are the most conserved,
with the Myo3B sequences from mouse and humans showing a strikingly high level of identity
in these regions: kinase (95%) and myosin head (90%). Even within loop2 of the myosin head
domain, a region which is one of the least conserved among myosins (Sellers, 1999), the loop2
sequence in mMyo3B variant 1 is 82% identical to human Myo3Bs. The tail domains of the
three sequences are considerably less conserved, but the C-terminal portions of their tail
domains and, in particular, a small region within this C-terminal region corresponding to the
tail homology domain I (3THDI) identified by Dosé et al. (2003), show higher levels of identity
than the tail as a whole. The identity between mouse and human 3B in this region is again
strikingly high. Like class III B myosins of other species, mMyo3B lacks a second THD
(3THDII) located at the C-terminus of Myo3As (Dosé et al., 2003). These sequence
comparisons suggest that the biochemical properties and functions of mouse and human
Myo3B will be similar to one another and may be different from those of Myo3As.

Quantification of mmyo3B transcript levels in different adult tissues and in postnatally
developing retina

Figure 2A shows the results of a single qPCR assay of the relative levels of myo3B transcripts
in various adult mouse tissues expressed relative to the level measured in adult retina. Similar
results were obtained from a replicate assay of tissues from a second group of animals.
mmyo3B transcripts were detected in a number of different tissues but not in all tissues
examined. In the olfactory bulb, transcript levels were nearly twice those measured in retina,
in testes they were similar to those in the retina, but in brain tissue from which the olfactory
bulb had been removed, thymus and kidney, transcript levels were somewhat lower than those
in retina. Olfactory epithelium, cornea, lens, eye cup tissues that remain after removing the
retina, intestine, ovary, and liver did not exhibit detectable levels of mmyo3B transcripts.

We are particularly interested in the function of mMyo3B in the retina; therefore we also
examined the relative levels of its transcripts during postnatal retinal development (Fig. 2B).
The relative mmyo3B transcript levels do not change significantly during postnatal retinal
development (one-way ANOVA); although at P7, they were consistently lower than at any
other time. The physiological relevance of this dip is not yet clear. Most importantly these
assays revealed that mmyo3B is expressed at birth which is before most rod photoreceptors
differentiate and before opsin mRNA is first detected (Liou et al., 1994).
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mMyo3B and mMyo3A antibody characterization
mMyo3B antiserum—Affinity purification of Myo3B antibodies failed because Myo3B
antibodies bound irreversibly to the Myo3B affinity column used in the purification protocol
(see Materials and Methods for more details). Therefore, we used Myo3B antiserum in all of
our studies. Myo3B antiserum stained several bands on Western blots of retinal soluble extracts
(Fig. 3A, lane S). One of these was a major band with an apparent molecular mass of
approximately 130 kDa which is close to the predicted sizes of the two variants of mMyo3B
cloned (150 and 146 kDa). This immunostained band was depleted on replicate blots incubated
at the same time with antiserum that had been preincubated with mMyo3B antigen (Fig. 3A,
lane AM) but not on blots immunostained with antiserum preincubated with Limulus opsin1
antigen (Fig. 3A, lane AO) or no antigen (data not shown). This demonstrates that the 130 kDa
immunoreactive band is mMyo3B, and that the staining of the other bands is non-specific.

mMyo3A antiserum—Affinity purified mMyo3A antibody stained a single band of
approximately 220 kDa on a Western blot (Fig. 3B, lane P), close to the predicted size of
mMyo3A (185 kDa). The band was depleted on a replicate blot of affinity purified antibody
that had been preincubated with mMyo3A antigen (Fig. 3B, lane A).

Quantification of mMyo3B protein in different tissues and the developing retina using
Western blots

Assays for mMyo3B-like immunoreactivity (mMyo3B-ir) on Western blots of soluble extracts
of retina, olfactory bulb, testis and kidney, four tissues with relatively high levels of
mmyo3B transcripts (Fig. 2A), showed that the concentration of mMyo3B was significantly
higher in testis (one-way ANOVA followed by a two-tailed T-test) compared to the other
tissues examined (Fig. 4A) and that mMyo3B concentrations in the retina and olfactory bulb
were similar. Surprisingly, we did not detect mMyo3B-ir in kidney extracts. The concentration
of mMyo3B may be below our level of detection; alternatively, mMyo3B isoforms expressed
in kidney may not be detected with our antiserum.

In developing retina, mMyo3B was clearly detected at P0 (Fig. 4B), which is consistent with
our detection of the transcript in the retina at this age (Fig. 2B). The concentration of mMyo3B
among soluble proteins increased significantly from P0 to P7 (one-way ANOVA followed by
a two-tailed T-test), remained high through P21, and then fell to the adult (P35-P60)
concentration which was the same as that measured at P0.

Cellular distribution of mMyo3B and mMyo3A in the adult retina
Validation of immunostaining on retinal sections—mMyo3B was detected on retinal
sections by comparing the immunostaining obtained with mMyo3B antiserum to that obtained
with mMyo3B antiserum that had been preincubated with mMyo3B antigen, an irrelevant
antigen (Limulus opsin1) or no antigen. Retinal sections incubated with mMyo3B antiserum
or with mMyo3B antiserum that had been preincubated with either Limulus opsin 1 or no
antigen showed the same distribution of mMyo3B-ir. Figures 5A and 5C show the distribution
of mMyo3B-ir obtained with antiserum that had been preincubated with Limulus opsin1.
Figures 5B and 5D show images of sections incubated in parallel with mMyo3B antiserum that
had been preincubated with the mMyo3B antigen.

In the outer retina, mMyo3B-ir was detected in photoreceptor IS and in the outer nuclear layer
(ONL) in cytoplasm surrounding photoreceptor cell nuclei. However, mMyo3B-ir was most
intense in some photoreceptor outer segments (OS) (Fig. 5A) with the distribution and
appearance of cone OS. In the inner retina, mMyo3B-ir was detected in a few cells in the inner
nuclear layer (INL) and in some cells in the ganglion cell layer (GCL) (Fig. 5C). The most
intense staining was seen in GC axons (Fig. 5C). The immunoreactivity observed in each retinal
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layer was either eliminated or greatly reduced on sections incubated with the same
concentration of antiserum that had been preincubated with mMyo3B antigen (Fig. 5B and
5D). Thus, the immunostaining observed on tissue sections is specific for mMyo3B.

mMyo3A-ir was detected in the outer portion of the IS and in the cytoplasm surrounding some
photoreceptors nuclei positioned adjacent to the outer limiting membrane where most cone cell
bodies are typically located (Carter-Dawson and LaVail, 1979). Punctate staining was also
observed in a region of the OPL that contains photoreceptor terminals (Fig. 5E). No mMyo3A-
ir was observed on sections incubated with the same concentration of affinity purified antibody
that had been preincubated with antigen (Fig. 5F) indicating that the mMyo3A-ir observed on
sections is specific.

Myo3B in photoreceptors—When the distribution of mMyo3B in photoreceptors was
examined separately in ventral (Fig. 6, A–C) and dorsal (Fig. 6, D–I) retina, many mMyo3B
immunoreactive OS were seen in the ventral retina and fewer in the dorsal retina. Cones
expressing short wavelength sensitive opsin (S opsin) are also abundant in the ventral retina
and decline in number along the ventral-dorsal axis (Szél et al., 1992; Applebury et al., 2000;
Haverkamp et al., 2005); therefore we tested whether mMyo3B might be uniquely present in
the OS of S opsin immunoreactive cones by double-labeling retinal sections for mMyo3B and
either S opsin or midwavelength sensitive opsin (M opsin). mMyo3B-ir and S opsin-ir
consistently co-localized in the OS of cones in both the ventral (Fig. 6, A–C) and dorsal retina
(Fig. 6, D–F), but mMyo3B was not detected in M opsin immunoreactive OS in the dorsal
retina (Fig. 6, G–I). Furthermore, no M opsin-ir was detected in the few mMyo3B
immunoreactive OS in the dorsal retina (Fig. 6, G–I).

Although the mMyo3B staining pattern of photoreceptor OS was clearly different between
dorsal and ventral retina, the staining pattern of IS was similar (see for example Figures 6A,
6D, and 7A). IS consistently showed less intense mMyo3B-ir than the S opsin immunoreactive
OS, but more strikingly, in both the ventral and dorsal retina, some IS with the predicted
distribution of cones stained more brightly for mMyo3B than the more abundant rod IS. This
suggests that compared to rods, mMyo3B is more concentrated in the IS of all cones. To test
this, we double-labeled photoreceptors in the dorsal retina for mMyo3B and fluorescently
labeled peanut agglutinin which binds to galactose-galactosamine disaccharide moieties in the
interphotoreceptor matrix surrounding the outer and IS of all cones (Blanks and Johnson,
1983). As is seen in Figure 7, each of the more brightly mMyo3B labeled IS in the dorsal retina
is also labeled with peanut agglutinin. Thus, mMyo3B is present in the IS of all rods and cones,
is more concentrated in the IS of cones compared to rods and is detected in S opsin but not M
opsin immunoreactive OS. To test whether Myo3B-ir in rods extended to the OS we
immunostained retinas with Myo3B and rhodopsin, a marker for rod OS. mMyo3B and
rhodopsin did not colocalize (supplemental figure 1); therefore we conclude that Myo3B is not
present in rod OS.

Myo3A in photoreceptors—Like Myo3B, Myo3A was detected in the IS of all
photoreceptors (Fig. 5), however the distributions of Myo3A and Myo3B within IS appeared
somewhat different. While Myo3B-ir was detected throughout the IS (Fig. 5), Myo3A-ir was
most intense in the distal portion of the IS. Myo3A-ir also was not associated uniformly with
the actin cytoskeleton of photoreceptors because filamentous actin (F-actin), as visualized with
fluorescently labeled phalloidin, is more abundant in the proximal portion of the IS and in the
outer limiting membrane (Fig. 8A). A similar comparison between the distribution of mMyo3B
and F-actin was not possible because the antigen retrieval protocol used to detect mMyo3B
immunoreactivity destroyed phalloidin staining. To further verify the differential localization
of mMyo3B and mMyo3A in the IS we immunostained sections from the same eye with
mMyo3A or mMyo3B and a nuclear marker (DRAQ5). We observed consistently that
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mMyo3B-ir was detected throughout the IS (Fig. 9A) and was present adjacent to the ONL.
On the other hand, mMyo3A-ir was more concentrated in the distal portion of the IS (Fig. 9B).

To test whether mMyo3A-ir extends into the OS, sections were double-labeled with mMyo3A
and rhodopsin (Fig. 8B). mMyo3A and rhodopsin-ir did not co-localize, therefore Myo3A is
excluded from OS. However, mMyo3A-ir was clearly detected in the OPL in structures with
the location and distribution of photoreceptor terminals. No Myo3A-ir was detected in the inner
layers of the retina.

mMyo3B in the inner retina
mMyo3B-ir was detected in cells of the inner retina; a few cells in the INL and in cells in the
GCL (Fig. 10). Inner retinal mMyo3B immunoreactive cells from 4 different animals were
counted to determine their number and distribution. At least 29 sections (18 μm thick) were
counted per animal; these included sections from the mid-nasal and mid-temporal retina, as
well as sections that spanned the optic nerve head. Each section included the dorsal and ventral
region.

Only a few mMyo3B immunoreactive cells were detected in the INL (Fig. 10). The number of
cells stained per retinal section ranged from 0 to 6 with an average of 1.4 cells. The median
number of labeled cells was 1 and the most frequent number was 0. Most mMyo3B
immunoreactive cells were located in the peripheral half of the dorsal and ventral retina with
more cells detected in the ventral retina (114/203 cells). No consistent gradient was observed
across the nasal-temporal axis.

In the GCL, some mMyo3B immunoreactive cells are clearly GCs because GC axons label
brightly for Myo3B. An average of 23.3 cells were mMyo3B immunoreactive per retinal
section, and in most sections, about half were large and brightly labeled (Fig. 10). In both
ventral and dorsal retina brightly labeled GCs were mostly distributed between the periphery
and mid-periphery of the section; the GCL of the central retina was relatively free of mMyo3B
immunoreactive cells. We did not observe a gradient across the nasal-temporal axis.

DISCUSSION
We show here that mouse retina expresses at least two variants of Myo3B which differ from
one another in both the motor and tail domains of the protein, and that Myo3B is expressed in
several other mouse tissues. In retina, Myo3B is present in photoreceptor IS, within the
cytoplasm surrounding photoreceptor nuclei in the ONL, a small number of cells in the INL
and in some but not all ganglion cells. Surprisingly, Myo3B is highly concentrated in the OS
of mouse cones expressing S opsin, but not in the OS of other cones. We also show that Myo3B
co-localizes with Myo3A in portions of photoreceptor IS, but unlike Myo3B, Myo3A does not
extend into OS. Myo3A is detected in the OPL in putative photoreceptor synaptic terminals
where we did not detect Myo3B.

Myo3B variants expressed in mouse retina
The insert and deletion in mmyo3B variant 2 occur in regions encoding loop2 of the motor
domain and in the tail domain, respectively, two functionally important regions of the protein.
Loop2 is part of the actin binding interface of the motor domain and important for determining
actin binding affinity and the rate of ATP hydrolylsis (Geeves et al., 2005). The tail domains
of class III myosins are critical for determining their subcellular localization and cargo (Porter
et al., 1992; Erickson et al., 2003). Thus, the two mMyo3B variants identified may differ
functionally. Other loop2 variants are probably rare in retina, based on the results of our screen

Katti et al. Page 11

Exp Eye Res. Author manuscript; available in PMC 2010 August 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



for such variants in retinal cDNA, but evidence discussed below suggests that at least in tissues
other than the retina, additional tail variants are likely.

Tail splice variants of hMYO3B have also been identified (Dosé and Burnside, 2002) but no
loop2 variants have been reported so far. A 19 kb intron spans the exon 23–24 junction of
hMYO3B, site of the loop2 insertion in mMyo3B; therefore it is possible that loop2 variants
also exist in the human protein.

Myo3B and Myo3A co-expression in photoreceptors
Co-expression of Myo3B with Myo3A in photoreceptors and functional redundancy between
these two proteins has been proposed to explain why patients with mutations in Myo3A who
experience hearing loss have no defects in vision (Walsh et al., 2002). The presence of both
Myo3A and Myo3B in the IS of mammalian photoreceptors indicates that Myo3B is positioned
appropriately to compensate for Myo3A defects. Our studies extend the previous studies of
Burnside and collaborators who showed that both Myo3A and Myo3B are present in the IS of
fish photoreceptors (Dosé et al., 2003; 2004). The functions of mMyo3A and mMyo3B may
overlap; however, differences in their primary sequences (Fig. 1), particularly in their tail
domains, and their distinct distributions in the retina, suggest their functions are not identical.

Myo3B in photoreceptor outer segments
We anticipated finding mMyo3B in photoreceptor IS because they contain an extensive actin
cytoskeleton (Fig. 8 and Woodford and Blanks, 1989), and all class III myosins that have been
studied bind F-actin (Hicks et al., 1996;Dosé et al., 2003;Komaba et al., 2003;Kambara et al.,
2006;Dosé et al., 2007;Kempler et al., 2007). Other F-actin-containing regions of the
mammalian photoreceptor where we anticipated finding class III myosins were the connecting
cilium (Wolfrum and Schmitt, 2000) and the distal end of the connecting cilium (Chaitin et al.,
1984). Finding mMyo3B in cone OS was unexpected. To the best of our knowledge, there is
no actin cytoskeleton in OS, therefore the binding partners and functions of mMyo3B in OS
remain to be discovered.

Also unexpected was finding mMyo3B in the OS of only those cones that express detectable
levels of S opsin (Fig. 6). It has been proposed that mouse retina contains only one type of
cone (Applebury et al., 2000). S opsin immunoreactive cones are clearly more abundant in
ventral compared to dorsal retina (Applebury et al., 2000;Haverkamp et al., 2005;Nikonov et
al., 2006; this paper, Fig. 6), but most cones in the mouse retina express both S and M opsin
(Applebury et al., 2000;Nikonov et al., 2006). What changes between ventral and dorsal retina
is the relative level of the two visual pigments expressed in each cone. S opsin expression is
similar in cones across the retina, while M opsin expression is lower in cones of ventral
compared to dorsal retina (Applebury et al., 2000;Nikonov et al., 2006). Nevertheless, some
cones in the dorsal mouse retina, called M opsin dominant cones, express very little, if any, S
opsin (Applebury et al., 2000;Haverkamp et al., 2005;Nikonov et al., 2006). In addition, rare
cones have been identified in both the ventral and dorsal mouse retina that express S opsin only
(Haverkamp et al., 2005).

In ventral retina, mMyo3B and S opsin consistently co-localize in OS (Fig. 6, A–C). We did
not detect M opsin-ir in OS of ventral retina probably because of the low level of M opsin
expressed in these cones (Applebury et al., 2000) and the sensitivity limits of the M opsin
antibody we used. But since S and M opsin are co-expressed in most cones of ventral retina,
mMyo3B must be present in OS of dual-expressing cones. In dorsal retina, the few mMyo3B
immunoreactive OS detected also consistently show S opsin-ir (Fig. 6, D–F), but mMyo3B-ir
is not detected in M opsin-immunoreactive cones (Fig. 6, G–H). In addition, mMyo3B
immunoreactive OS show no detectable M opsin-ir. The mMyo3B positive/M opsin negative
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OS are typically surrounded by other M opsin positive OS, and Applebury et al. (2000) has
shown that neighboring M opsin dominant cones in dorsal retina express similar levels of M
opsin. It is therefore highly likely we would have detected M opsin-ir in these mMyo3B
immunoreactive OS of the dorsal retina had it been present.

Finding mMyo3B positive OS in dorsal retina that are consistently S opsin positive and M
opsin negative supports the idea that some cones in the mouse retina express S opsin only
(Haverkamp et al., 2005). Our results also show that M opsin dominant cones differ
biochemically from other cones in the mouse retina in that while mMyo3B is present in their
IS (Fig. 7), it is not present in their OS (Fig. 6). Since vertebrate class III myosins are actin-
based molecular motors, there also may be undiscovered structural differences between the M
opsin dominant cones and other cones in the mouse retina. The functional consequences of the
presence of mMyo3B in OS will require a more complete understanding of the functions of
the protein. Subtle electrophysiological differences have been observed between M opsin
dominant and dual opsin expressing cones (Nikonov et al., 2006), but the biochemistry
underlying these differences is not known.

Myo3B in the inner retina
mMyo3B-ir in the inner retina is restricted to a few cell types. GC somata, their dendrites and
axons are the most brightly mMyo3B immunoreactive structures in the retina. But not all cells
in the GCL are labeled (Fig. 10). In the INL a few cells are consistently labeled and in many
instances we detected mMyo3B-ir in their projections into IPL (Fig. 10). The identity of the
mMyo3B immunoreactive cells in the GCL and INL is clearly of interest and will be pursued
in future studies.

Does our antiserum detect all mMyo3B isoforms?
Mouse kidney contains mmyo3B transcripts as measured by qPCR (Fig. 2A), but no mMyo3B-
ir was detected on Western blots of soluble proteins from kidney (Fig. 4A). Thus, our antiserum
probably does not detect all Myo3B variants expressed in mouse. Results of preliminary
Western blots indicated our antiserum would detect proteins produced from the two
mmyo3B variants we cloned from retina (See Methods). However, six myo3B variants were
cloned from human retina. One of these lacks the C-terminal half of the tail domain and in
another the sequence of the C-terminal half of the tail domain is almost entirely different from
that of the other variants (Dosé and Burnside, 2002). The expression in mouse of myo3B
variants that differ significantly in their tail domains could explain the discrepancy between
our qPCR and Western blot results with the kidney. Such variants could be present in retina.
If true, our antiserum may be showing the distribution of a specific subset of mMyo3B proteins
with similar tail domains.

Conclusions
Since Myo3A and Myo3B are both expressed in photoreceptor IS, Myo3B could provide
functional redundancy for Myo3A in photoreceptors and explain the absence of a retinal
phenotype in humans with progressive hearing loss produced by defective MYO3A. Our
finding that Myo3B is also highly concentrated in the OS of mouse cones expressing S opsin
but not in the OS of M-dominant cones has revealed a previously unrecognized difference in
the biochemistry of the OS of S opsin and M opsin dominant cones. But since OS are not known
to contain F-actin, and Myo3B is a predicted actin-based motor, the role Myo3B might play
in S-cone OS remains mysterious.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Amino acid sequence alignment of full length mouse Myo3B (mMyo3B) with human MYO3B
(hMYO3B) and mouse Myo3A (mMyo3A) (Clustal X, Young, 1976). Black boxes indicate
amino acids that are identical or similar in all three sequences, and gray boxes indicate amino
acids that are identical or conserved in two of the three sequences. The amino acid numbering
for each sequence is indicated at the right. The amino acids inserted in loop2 and deleted from
the tail of variant 2 cloned from mouse retina are shown outlined with dotted and solid lines
respectively. The kinase, myosin, and IQ domains are labeled and were predicted using the
InterProScan program from EMBL-EBI. The ATP-binding region (Prosite) and the ste20
kinase family signature motif (SSM, Dan et al., 2001) within the kinase domain are also labeled.
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The nucleotide binding cleft (NBC1 or P-loop, and NBC2), the actin binding region, and the
loop2 actin binding region located within the myosin domain were predicted from an alignment
with chicken skeletal muscle myosin (Accession # P13538, Sellers, 1999). Tail homology
domain I (THDI) is a region within the tail domain that shows high amino acid identity among
the three sequences.
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Figure 2.
qPCR assays of A: Relative levels of mmyo3B transcripts in RNA extracted from various
tissues and B: Relative mmyo3B transcripts in RNA extracted from retinas at different times
during postnatal development. All tissues were dissected in the afternoon from light-adapted
animals. RNA was isolated and reverse transcribed as described in Methods. Measurements
of mmyo3B transcript levels were first normalized to the level of 18s rRNA measured separately
on the same plate from the same RNA extract using the primers described in Methods. The
normalized values obtained from different tissues or retinas of different ages were plotted
relative to the normalized values obtained from the adult (P107) retina. A: All tissues were
from adult animals. The primers amplified a region of the mmyo3B transcript encoding the
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transition between the kinase and myosin domains, and should detect all mmyo3B isoforms.
The results of a single qPCR assay are shown. The means ± the standard errors of the means
plotted are for three determinations of the same RNA sample (technical replicates). Similar
relative levels of mmyo3B transcripts were observed in a separate qPCR assay using RNA
extracted from tissues of a second group of animals. mmyo3B transcripts were detected in
retina, olfactory bulb, testes, brain tissue from which the olfactory bulbs had been removed,
thymus, and kidney. B: Retinas were dissected from animals at the different postnatal (P) ages
indicated. The primers amplified a region of the mmyo3B transcript encoding the 5′ end of
loop2 in the motor domain and that spanned the junction between exons 22 and 23. They should
amplify all myo3Bs expressed in retina. Shown are the means ± the standard errors of the means
of qPCR assays performed on three different groups of animals. Samples from each group were
assayed in triplicate. A one-way ANOVA revealed no statistically significant change in relative
mmyo3B transcript levels during development.
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Figure 3.
Western blots of soluble proteins from adult retinas immunostained with mMyo3B or
mMyo3A. A. mMyo3B staining with total antiserum (S) and mMyo3B antiserum preincubated
with Myo3B antigen (AM) or a His-tagged polypeptide with the sequence of the C-terminus
of Limulus opsin1 antigen (AO). Antisera were used at a 1:500 dilution. The mMyo3B
antiserum (S) and the antiserum preincubated with Limulus opsin1 (AO) immunostained the
same multible protein bands in the retinal extract. On a replicate Western blot incubated in
parallel with antiserum preincubated with Myo3B (AM) antigen a 130 kDa immunoreactive
band (arrow) was selectively eliminated. B. mMyo3A staining with affinity purified antiserum
(P) and affinity purified antiserum that had been preincubated with Myo3A antigen (A).
Antisera were used at a 1:200 dilution. The immunopurified antiserum (P) stained a single band
at 220 kDa which was not detected on blots incubated with antiserum that had been
preincubated with Myo3A antigen. Molecular weight standards are shown on the left of each
blot.
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Figure 4.
A: (Upper Portion). Representative Western blot showing mMyo3B-immunostained protein
in soluble extracts of various tissues from adult mice (P35-P60). Each lane was loaded with
40 μg of protein. Tissues from three different sets of animals were assayed and each biological
replicate was assayed at least in triplicate. The mMyo3B immunoreactive bands were
quantified using densitometry and normalized to the mMyo3B immunoreactive band in the
retinal extract on the same blot. (Lower Portion). Average results ± the standard errors of the
means of the biological replicates. The concentration of mMyo3B was highest in soluble
extracts of testis and somewhat lower in extracts of retina and olfactory bulb. mMyo3B-ir was
not detected in the kidney. B: (Upper Portion). Representative Western blot showing mMyo3B-
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immunostained protein in soluble extracts of retinas dissected in the afternoon from light
adapted animals at different postnatal ages (P0-Adult). Three different groups of animals were
assayed and each biological replicate was assayed at least in triplicate. Each lane contained 40
μg of protein. The mMyo3B immunoreactive bands were quantified using densitometry and
normalizing to the mMyo3B band detected in the extract of the adult retinas analyzed on the
same blot. (Lower Portion). Average results ± the standard errors of the means of the biological
replicates. The concentration of mMyo3B in soluble retinal extracts peaked at P7-P14 and
gradually decreased after P21 and until adulthood.
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Figure 5.
mMyo3B and mMyo3A-ir in adult mouse retina. Confocal images of fixed frozen sections
processed for antigen recovery. Images A–D are 1 μm thick optical sections whereas E and F
are the maximum projections of optical stacks of 4 images. A–D: mMyo3B-ir in retina.
Sections were either incubated with the mMyo3B antiserum that had been preincubated with
the His-tagged C terminus of Limulus opsin1 (A, C) or with the Myo3B antigen (B, D). Antisera
dilutions used were 1:250 for A and B, and 1:500 for C and D. The values of the gain were the
same between A and B and C and D. A: Intense mMyo3B-ir is observed in the outer segment
(OS) of a cone (arrowhead). mMyo3B is also present but less concentrated in the inner segments
(IS) of all photoreceptors and in cytoplasm surrounding photoreceptor nuclei in the outer
nuclear layer (ONL). B: A different section from the same eye incubated with antiserum that
had been preincubated with mMyo3B antigen showing only background staining. C: mMyo3B
is present in cells in the inner nuclear (INL) and ganglion cell (GC) layers and labels GC axons
intensely (arrow). D: Section from the same eye incubated with antiserum that had been
preincubated with mMyo3B antigen showing much reduced staining. E–F: mMyo3A-ir in
retina. Sections were incubated either with the mMyo3A affinity purified antibody or affinity
purified antibody that had been preincubated with mMyo3A antigen. E: Overview of the
staining observed in the retina using affinity purified mMyo3A antibody. mMyo3A is present
in the outer portion of the IS as well as in putative photoreceptor terminals shown as punctate
in the outer plexiform layer (OPL). F: Section from the same eye incubated with mMyo3A
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antibody that had been preincubated with mMyo3A antigen. Only background staining is
observed. GCL, ganglion cell layer; IPL, inner plexiform layer. Bars=20 μm.

Katti et al. Page 25

Exp Eye Res. Author manuscript; available in PMC 2010 August 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 6.
mMyo3B is concentrated in S opsin immunoreactive OS. Fixed frozen sections were incubated
with mMyo3B antiserum (1:100 dilution) and either blue- or red/green-sensitive opsin antibody
(1:100 dilution). Each image is the maximum projection of an optical stack of 3–5 images (1
μm thick optical sections). Additionally, scanning from each channel was done in sequence to
avoid bleed through from one channel to the other. A–C: mMyo3B (A, green) and S opsin-ir
(B, red) in the ventral retina. C is a merged image of A and B. mMyo3B is concentrated in
cone OS that are also S opsin immunoreactive. mMyo3B-ir is also present in all photoreceptor
IS and appears more concentrated in cone IS. D–F: mMyo3B (D, green) and S opsin-ir (E, red)
in the dorsal retina. F is the merged image of D and E. mMyo3B is highly concentrated in one
cone OS, which is also labeled with S opsin. mMyo3B is also present in other putative cone
IS (arrowheads). G–I: mMyo3B (G, green) and M opsin-ir (H, red) in the dorsal retina. I is the
merged image of G and H. mMyo3B is present in photoreceptor IS and is concentrated in one
cone OS (arrows) in which M opsin is not detected. mMyo3B-ir is not detected in OS that are
M opsin immunoreactive. Abbreviations as in Fig. 5. Bars=10 μm.
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Figure 7.
mMyo3B labels all cone IS more intensely than rod IS. Fixed, frozen sections of the dorsal
retina were incubated with the mMyo3B antiserum (1:100 dilution) and Alexa-546 labeled
peanut agglutinin (PNA) (1:200 dilution). Images were obtained as described in Fig. 6.
mMyo3B-ir (A, green) is observed in one brightly labeled cone OS (arrowhead). All of the
photoreceptor IS exhibit mMyo3B-ir but some IS are more brightly mMyo3B immunoreactive
(arrows). The mMyo3B positive OS and the more brightly Myo3B immunoreactive IS stain
with PNA (B, red). C is the merged image of A and B. Abbreviations as in Fig. 5. Bar=10
μm.
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Figure 8.
mMyo3A concentrates in the distal portion of the photoreceptor IS, does not distribute
uniformly with F-actin and does not extend into OS. Fixed frozen sections were incubated
without antigen recovery with affinity purified mMyo3A antibodies (undiluted) and A.
fluorescently labeled phalloidin (1:200 dilution) or B. a monoclonal antibody directed against
rhodopsin (1:200 dilution). Images were obtained as described in Fig. 6. A: mMyo3A-ir (green)
is concentrated in the distal portion of the IS whereas F-actin, as visualized with fluorescently
labeled phalloidin (red) is most abundant in the proximal portion of the IS and in the outer
limiting membrane (arrow). B: mMyo3A (green) does not co-localize with rhodopsin (red)
indicating that mMyo3A does not extend to the OS. Abbreviations as in Fig. 5. Bars=20 μm.
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Figure 9.
mMyo3B and mMyo3A exhibit differential localization in the IS of photoreceptors. Confocal
images of retinal sections labeled with either mMyo3B (A, green) or Myo3A (B, green) and
the nuclear marker DRAQ5 (red). Images were obtained as described in Fig. 6. A. Myo3B-ir
is present throughout the IS and in the OS of some cones. B. mMyo3A is more concentrated
in the distal portion of the IS indicated by the gap between mMyo3A-ir and the nuclei of the
ONL. Abbreviations as in Fig. 5. Bars=10 μm.
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Figure 10.
mMyo3B labels cells in the INL and GCL. Confocal image of a retinal section stained with
the mMyo3B antiserum (green, 1:500 dilution) and DRAQ5 (blue, 1:1000 dilution). The image
was obtained as described in Fig. 6. mMyo3B-ir is seen in the cytoplasm of two cells in the
INL (asterisks), in a number of cells in the GCL and in dendrites in the IPL probably from cells
in the GCL and INL. Ganglion cell axons are brightly labeled for mMyo3B. Abbreviations as
in Fig. 5. Bar=10 μm
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